As future legislation is likely to include monitoring of workers exposed to vibration, standardisation of objective tests requires urgent attention.
Raynaud's phenomenon of occupational origin was prescribed under the National Insurance (Industrial Injuries) Act 2 should replace the Taylor/Pelmear classification. The neurological symptoms of HAVS include tingling and numbness at times other than during and immediately after vibratory tool use, the signs of loss of sensation, poor finger co-ordination, and an inability to do fine work.
Vibration in the finger stimulates four types of mechanoreceptive units. 3 The slow adapting units are type 1 Merkel's discs and type 11 Ruffini end organs. The fast adapting units are type 1 Meissner corpuscles and type 11 Pacinian corpuscles. The sensation of touch, two point recognition, vibration, joint position, and motion are transmitted through the large myelinated A fibres. Fast adapting unit type 1 signal frequencies are 5-60 Hz and fast adapting unit type 11 signals are 50-400 Hz. Also there are cold receptors, warm receptors, cold pain receptors and warm pain receptors. These are the nerve endings for A-6 and C nerve fibres. 4 To arrive at a sensorineural staging in the Stockholm classification it is necessary to be able to show the loss of sensory perception. We attempt to assess the ability of aesthesiometry (AESTH) and the measurement of temperature neutral zone thresholds (TNZ) to show the damage to these end organs and nerve pathways. A scoring system has been devised to evaluate these tests. Grip strength (GRIP) was measured and compared with AESTH and TNZ. To reach a Stockholm sensorineural staging it is necessary to have: (1) a detailed occupational history; (2) a detailed medical history; (3) evidence of the extent of damage to the sensorineural system; (4) a differential diagnosis to exclude other diseases; (5) an estimation of occupational and non-occupational vibration dosage, which requires both acceleration levels and exposure time. 
METHODS
Assessment and staging by questionnaire alone without the use of objective tests has been shown to be unreliable. 5 6 No single test will identify the various end organs and nerve fibres, nor reliably assess the sensorineural damage. Therefore the use of multiple tests has been recommended.7-9 The sensorineural tests in this survey included light touch, AESTH and measurement of the TNZ, together with thermal pain thresholds. Grip strength was recorded. Tactile discrimination and dexterity were assessed by coin and object recognition tests plus a modified Moberg pick up test.10 Adson (thoracic outlet), Tinel, and Phalen (carpal tunnel) tests were performed to help with the differential diagnosis.
All subjects had been free of vibration for at least 16 hours, had finger temperatures of at least 280C, and were in an environmental temperature of at least 21'C (70'F) for not less than 30 minutes before the tests.
Aesthesiometry was performed with an aesthesiometer developed by Renfrew" 12 and modified by Carlson et al 13 with their type C block for two point discrimination. The manner of performing the test was similar to that described by Carlson et al except that the aes- Grip strength was measured with a dynamometer and recorded in kg. Initially a score was awarded for abnormal light touch sensation but this test was rarely found to be positive even when the AESTH and TNZ tests were grossly abnormal. The pain sensation test was discarded. The only sterile instruments available were cutting needles that had a definite tendency to draw blood. The test was rarely positive. In view of the HIV situation it was decided that this test was unacceptable.
Results
The relation between the diagnostic tests (AESTH, TNZ, and GRIP) and sensorineurol staging has not been expressed in terms of sensitivity and specificity in this paper. There is a complete lack of published evidence setting a gold standard for objective test results in relation to the Stockholm sensorineurol classification. The determination of sensitivity and specificity is only possible if there is some independent method of defining the disorder, in this case, the sensorineurol staging. There is a further problem with determining specificity-namely, evidence of pre-clinical objec-tive test findings in exposed men who do not report symptoms.16 17 To find which of the three variables is of greatest importance in the discrimination, the values of the coefficients of each variable in the above model have been multiplied by the SD of the variable to give standardized coefficients, which can be directly compared. These standardized coefficients are: for AESTH 1-30; for TNZ 1 13; for GRIP 0-62. This suggests the AESTH and TNZ are of similar importance and both are of greater importance than GRIP. The logistic regression model can now be used to compute the probability of being in Stockholm sensorineural stages 2 or 3 for a man with any given value of AESTH, TNZ, and GRIP. Alternatively, and more simply, it can be used to compute a risk score R, where R = 0'38 AESTH + 038 TNZ + 0 055 GRIP. Table 4 gives the results computed for all 419 men in the survey who had all of the AESTH, TNZ, and GRIP tests recorded. The results are presented in quintiles of risk score.
Thus the percentage of men in stages 2 or 3 increased from 6% in the lowest quintile of R to 81% in the highest quintile. Also, in the top 5% of R values (R > 0.814) there were 22 men of whom 21 (91 %) were in stages 2 or 3.
The combination of the two groups of men, the Babcock men and the compensation cases, in the survey gave a wide spread of men in all the Stockholm sensorineural stages. This allowed the separation of stages 0 and 1 from stages 2 and 3 to be investigated.
As expected, it confirmed that a man from the compensation group was more likely to be in the Stockholm stage 2 or 3 than a man from the Babcock group.
The scoring of individual fingers with the AESTH test and the TNZ test was examined. The left and right hands were again similar. All the fingers were not damaged equally, however. In this population the forefingers and little fingers were more likely to have the highest scores (table 5) .
Discussion
The Taylor-Pelmear classification served well for many years. As the importance of the sensorineural element became more evident and as the present evidence points to the vascular and sensorineural elements developing independently, a revision was necessary. The sep- The frequency and extent of the sensorineural changes in the little finger was an unexpected finding. The results suggest that previous surveys reported on one digit may lead to erroneous conclusions. If all fingers are not to be examined then it is evident from this survey that the forefinger and little finger were most likely to have the maximum damage for the work processes in this survey.
A number of the workers exposed to vibration were symptom free but gave positive scores with one or more of the tests. These might be false positives. Another explanation is that these are preclinical findings. A longitudinal study will show if these are, in fact, early measures of the disease. This has been suggested with regard to vibrotactile thresholds. 17 Due to restrictions in examination time there is a limit to the number of objective tests that can be performed in the course of a single medical examination. Our evidence, however, suggests that the more tests performed the more reliable the staging.
Measurement of the vibrotactile thresholds has now been added to the sensorineural tests performed in this centre. A future report will incorporate vibrometry measurements. The goal must be to find the simplest, most cost effective combination of tests compatible with accurate staging.
Conclusions
(1) For the accurate assessment (staging) and the differential diagnosis of the sensorineural component of HAVS, the use of multiple sensorineural tests requiring special instrumentation has been justified.
(2) Aesthesiometry, TNZ thresholds, and GRIP were found to distinguish stages 0 and 1 from stages 2 and 3, individually but preferably in combination.
(3) For the tools used by the subjects in this survey analyses of the data from AESTH and TNZ showed that examination of one digit may lead to erroneous conclusions. For the work processes involved in this survey, the importance of examining the second (forefinger) and the fifth (little) finger, if all digits are not to be tested, is stressed.
(4) In keeping with the recommendation of the Working Party of the Faculty of Occupational Medicine for medical monitoring of vibration exposed populations, the association between the results of the sensory tests described here and the final staging supports the use of multiple tests for routine monitoring and for the prevention of the development of advanced cases. In our view the initial expenditure on instrumentation has been fully justified. 
